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The collection of Practical Geometry, here presented to 
the publie, was first brought together for the use of 
students in training for Art-Masterships, in connexion 
with the Science and Art Department; the method of 
teaching adopted being that of Lecture, with the 
drawings made on the Black Board by the teacher; 
the students making notes at the time, and afterwards 
making careful drawings with the necessary written 
descriptions. 

The superiority of this method of teaching, over 
that of placing sheets of geometric figures with printed 
descriptions before a student, and allowing him to copy 
both, need not be enlarged npon licre ; to extend this 
method of oral teaching is the principal object sought 
to be promoted by the publication of the course. 

Added to this, a necessity has arisen for placing the 
entire course within the reach of all students of Art- 
Schools and others, who, for the purposes of Art oi 
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Trade, require ready practital methods of constructing 
geometrical figures. 

It is hoped also that the present collection may 
form a useful and ready book of reference to many who, 
in varions branches of trade and manufacturej would be 
greatly advantaged by a knowledge of Practical Geo- 
metry, especially of those portions which apply to the 
construction and combination of symmetrical figures. 

It is proper at once to announce that the work ia 
descriptive, not demonstrative ; several years' experience 
having ^rnishcd ample proof, that although it is 
necessaiy that the students of our schools should know 
how to construct Plane Geometric figures, it is vain, as 
it is perhaps unnecessary, to hope that they will become 
mathematicians; their want of preliminary training, 
and the amount of time necessary, rendering Buch a 
result an impossibility. 

But this should not prevent the teacher from 
occasionally employing demonstration according to hia 
ability, rather as ao incentive to some than as a neces- 
sity to all. In all applications of Science to Art, we 
may be certain that many more will leara how to do, 
than why it is done. 

As this work Las been preceded by an "Intro- 
duction to the Study of Plane Geometric Figures," con- 
taining all necessary definitions, &c., none are given 
in the present work, the student being supposed to be 
fuUy acquainted with them. 

This course is divided into three sections :^ 



PLANE GEOMETBICAL FIG PRE S. 5 

1. The construction of single figures. 

2. The combination of figures. 

3. The transformation of figures and quantities. 
At the commencement of each aeetion will be placed 

such elementary figures as are necessary to the con- 
struction of the figures included in it, and no more. 

This method has this advantage — the student is 
not kept working a number of elementary problems of 
which he cannot discover the use, and which it is most 
likely he will forget before he has an opportunity of 
applying them; but, having drawn a few elementary 
figures, he sees at once their use, and, by their frequent 
application, impresses them more fixedly in his mind. 

As a work of reference, this method has also the 
adrantage of supplying more readily the information 
sought than an undivided work. 

It has been the endeavour to make this course of 
the construction of Plane Geometrical figures full and 
complete, without being limited or ove)-!oaded by the 
requirements of any specialty, to impart to the students 
of the schools a knowledge useful in every brancb of 
Art, and only so frequently unapplied from being so 
commonly unknown. 

In the eonstructive problems of the first section it 
has been desired to place before the student methods 
that should meet every condition under which the con- 
struction of regular plane geometrical figures could be 
required of him, from knowing well that, to many, a 
proposition, differing in any degree in its conditions 



from one previously kaown, preaenta insuperable diffi- 
culties. 

In the coDstraction of Polygons, an effort has been 
made to complete the series from a five to an eleven- 
sided polygon, both inscribed and constructed. 

Another class of figures, of great use in Ornamental 
Art, Ovals, has been introduced — it is hoped not 
without advantage ; one method by which every variety 
of ovoid foi-m may be described to given dimenaions, 
admits of numberlesa applications in practice; and it 
is hoped that this course may both enrich the memory 
and stimulate the inventive powers of the students. 

In the constructive problems of the second section 
it has been an endeavour to place before the student 
means for the extensive combination of regular geometric 
figures with each other; the infinite applications of these 
figures to the requirements of Art and Industry must 
alike excuse their copiousness and their possible defi- 
ciency, for whilst to some it may appear that more are 
given than are often needed, it is quite possible that 
wants may exist not suppliable by these figures. 

Having in the first section given means for the 
construction of single figures; in the second, for their 
combination with each other; the third section is de- 
voted to the conversion or ti'ansformationof figures into 
otbera, equal to them in area, &c. : the elementary 
problems of this section will relate, therefore, to the 
measurement of surfaces, &c. 

In such a work selection will, of course, supply the 
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bulk of the material; in the present courae it ia believed, 
howevcTj that many are new, and these, it ia hoped, 
may be found useful. 

The student seeking to learn ia strongly advised to 
draw his figures large; Bay, for eaeh line one inch 
long in the plates, to draw one three inches long 
himself, and, iuatead of copying the desci'iption, to 
write one of his own, and then compare them. 

It is also carefully to be borne in mind that the 
utmost neatness and care ia essential to success in 
drawing Geometrical Figures ; without these, errors 
will constantly arise, confusing the student, and ren- 
dering him doubtful of the truth of the method given, 
but really resulting from his own caielessnesa and 
want of precision. 

It has been sought to make the descnptiooe as terse 
and brief as consistent with explanation, from a belief 
that a loose colloquial style, while seemingly intended 
to aid the understanding, tends really to confuse it. 

The works of Paaley on Practical Geometry, and of 
Baron Dupin on the Apphcatioa of Geometry to the 
Arts, will furnish most valuable aids to those who may 
wish to pursue still further the study and application 
of Practical Geometry. 
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This work on Practical Geometry was prepai-ed to 
supply the wants of the Mechanic, the Artisan, the 
Art-workman, and the Designer, in their various re- 
quirements of Modes for constructing regular Geo- 
metrical figures by rule and compass. 

Some of the constructions arc not mathematically 
true, but they are given because of their great prac- 
tical utility. In Bome cases being better modes of 
constructing the figures than others which, though 
mathematically connect, from the difBculty of prac- 
tically working the construction, are less applicable. 

Some of these constructions have been adopted 
from worts that have been in wse for nearly two hun- 
dred years, and others from later though standard 
works. For example, the Treatise in Ward's " Ma- 
thematics," the " Traite dea Pratiques GSometrales" 
(very useful for those who desire to excel in the Arts, 
and others who employ the mle and the compass), by 
A. Bosse, Paris, 1665. 

" Cours Elemetitaire," the " Origine et Pratique 
de Dessin Lineaire," by A. Bardon, Paris, 1839, and 
otihen. 
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All Right-lined Plane Geometrical Figures are in- 
closed by lines, either perpendicular and parallel, per- 
pendicular and oblique, parallel and oblique, or oblique 
only in their relation to each other. 

One or more of the following elementary figures 
(except 15 and 16) are necessary to the construction of 
every right-lined figure. 



Elementary Problems to Section I. 

Figs. 1 and 2. 

To bisect a line A B, either straight or a portion of 

a circle. 

From A and B, with any radius greater than the 
half of A B, describe arcs cutting each other in c 
and d. 

From c draw a right line to d, and it will bisect line 
AB. 



Fig. 3. 

To draw a line perpendicular to a given line AB, at a 

point C in the line. 

From C, with any radius, cut the line AB in c c. 
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From c c describe arcs cutting in d* Draw line 
C d, and it will be perpendicular to A B. 



Fig. 4. 

To draw a line perpendicular to a given line A B^ from a 
point C above or below the line* 

The description and letters of Fig. 3 apply to this 
figure also. 



Fig. 5. 

To draw a line perpendicular to a given line A B^ at its 

extremity. 

From B, with any radius, describe an arc c, having 
its extremity c in the line A B. 

From c, with the same radius, cut arc c in d. 

From d, with the same radius, cut arc cm e. 

From d and e, with the same or any other radius, 
describe arcs cutting in /. 

Draw line/ B, it will be perpendicular to line A B 
at its extremity. 



Fig. 6. 

To draw a line, Sfc. as the last — a second method. 

Take any point, lying out of the line A B, and 
between its extremities, as C. 
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IVith the rsdiui C A deecribe arc c, having its 
extremity c in the line A B. 

From c, with the same radius, cut arc c in d. 

From d, with the same radius, cut arc c in e ; 
and from e, with the satae radius, in/. Draw line/"A, 
and it will be perpendicular to A B at its extremity. 



Fig. 7. 
T/is same — a third met/wd. 
As in Ihe last figure take any point C. 
With C B as radiua, describe an arc cutting A B, 
or A B produced, in c, and passing through B. 

Draw a line from c, passing through Cj and cutting 
the arc in d. 

Draw line d B, and it will be perpendicular to A B 
at its extremity. 



I 

J 



Fig. 8. 
To draw a Una perpendicular to a given line A B,Jrom a 

point C above or below the line A B, quite, or nearly 

over its extremity. 

Draw any line from C, cutting A B in c. 

Bisect C c in rf, by Fig. 1 

With if C as radius, describe arc C A; its point uf 
intersection with line A B will be perpendicular to C. 

If the arc pass beyond the extremity of the line 
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A B^ produce it to cut the arc and join C with the 
point of intersection. 



Fig. 9. 

To draw a line parallel to a given line A B, from a given 

point C. 

From any point on A B as c, with the radius c C, 
describe an arc cutting line A B in d'. 

From rf, with the same radius, describe arc c. 

From c, with J C as radius, cut arc c in e, making 
arc c e equal arc dC. 

Draw line e C, it will be parallel to line A B. 



Fig. 10. 

To draw a line parallel to a given line AB,at a distance 
from it, equal to a given line C D. 

From any two points in line A B, with line C D as 
radius, describe arcs c and d. 

A tangent drawn to both those arcs will be parallel 
to line A B, at a distance from it equal to line C D. 



Fig. 11. 

7b draw a line from a point C, making, with line B C, 
an angle equal to a given angle A. 

From A, with any radius, describe arc a. 
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From C, with the same radius^ describe arc b c. 
Make arc h c equal arc a, as in Fig. 9. 
Draw line c C, and the angle C will be equal to 
the given angle. 



Fig. 12. 

To draw a line from a point D, lying without line B C, 
making an angle with line B C equal to a given 
angle A. 

Draw line D a parallel to B C, by Fig. 9. 

At the point D make an angle equal to the given 
angle A. 

Produce the side until it cuts line C B in B. 

The line D B will make with line C B an angle 
equal to the given angle A. 



Fig. 13. 
To divide a line A B into any number of equal parts. 

Draw line A a at any angle to A B^ and B i at the 
tsame angle on the other side of A B^ by Fig. 11. 

With any radius set off &om A and B on the lines 
A a and B b, the number of parts^ less one^ into which 
it is required to divide A B, as 1, 2, 3, 4, 5. 

Join 1—5, 2—4, 3—3, 4—2, 5—1, and A B is 
divided into six equal parts. 
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From A, with any radiiia, describe a Eemlcircle on 
G A, and with its radius cut off area b b. 

Draw linea from A through b b, and produce them 
until they cut the base B D. 



Fig. 19. 

7b construct an Isoskeles Triangle on a given hose, A B, 

with a given vertical angle C. 

Produce the base A B to fi. 

Make at A an angle 6 A Cj equal to the given 
vertical angle C, by Fig 11. From A, with any radius, 
describe an arc, cutting lines c A and A B in c 
and d. 

Bisect arc c din e. 

Join A e and produce the line. 

Make at B an angle equal to angle dAe. 

Produce the side to meet line A e, and an isoskeles 
triangle will be constructed, having a base and vertical 
angle equal to the given base and vertical angle, 



Fig. 20. 
To construct any Triangle, its base A B, ajid the angles 
at its base, A and B, being given. 
Make C D equal A B. Make angle C equal angle 
A, and angle D equal angle B, by Fig. 11. 
Produce their sides until they meet. 
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PlO. 21. 

To conslruct any Triangle, Us three sides A, B, and C, 
being given. 
Prom one extremity of the base, as A, describe an 
arc with the line C as radius. 

From the other extremity, with line B aa radius, 
describe an arc, cutting the first arc in D. 

Prom D draw bnes to the extremities of line A, aod 
a triangle will be constructed, having sides equal to the 
sides given. 

To construct any triangle, the two shorter sides, B 
and G, must together be more than equal to the longer 
side A. 



Pig. 22. 
To construct a Square upon a given base, A B. 
Erect a perpendicular at B, by Fig. 5. 
Make B C equal A B. 

From A and C, with A B as radius, describe arcs, 
cutting in D. 

Join D A and D C to complete the square. 



Fig. 23. 
To construct a Square, having a given diagonal A B. 
Bisect A B in C. 

Draw D E perpendicular to A B at C. 
Make C D and C E each equal A C. 
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Join A D^ D B^ B E^ and E A, and a square ia 
constructed, having a diagonal equal to the diagonal 
given. 

Fig. 24. 

To construct an Oblong of two given sides, A B and A C. 

Draw A C perpendicular to A B at A. 
From B, with A C as radius^ and from C> with A B 
as radius^ describe arcs^ cutting in D. 
Join C D and D B. 



Fig. 25. 

To construct an Oblong, of which the diagonal, A B^ and 

one side, A. C, is given. 

Make D E equal A B. 
Bisect D E in F. 

From F^ with F E as radius^ describe a semicircle. 
From J), with A C as radius^ cut the semicircle 
in 6. 

Join D G and G B. 

Complete the oblong as in Fig. 24. 



Fig. 26. 

To construct a Bhombus having a base and angle equal to 
a given base A B^ and given angle A* 

Make line C D equal line A B. 
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Make angle C equal angle A. 

Produce line C E equal to line A B. 

From D and £, with lioe A B as radius, describe 



I arcBj cutting in F. 

iJoin F E and P D 



) complete the rhombus. 



iJb construct a RJwmbus having a given diagonal A B, 
and a given side C D. 



Make line E P equal line A B. 

From E and F, with line C D as radius, describe 

i, cutting in G and 11. 

Draw lines E G, G F, F H, and E H, to complete 

the rhombus. 



Fib. 28. 
To construct a Rhomboid having adjacent sides equal to 

two given lines A B and A C, and an angle equal to 

a given angle A. 

Make line D E equal line A B. 

Make angle D equal angle A. 

Produce line D F equal to line A C. 

From F, with line A B as radius, and from E, with 
line A C as radius, describe arcs, cutting in G. 

Join F G and £ G. 



4 
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Fig. 29. 

To conslrucl a Rhomboid having its adjacent sides, A B 

and A C, and its diagonal D E, given. 

Make line F G equal the given diagonal D E. 

From F, with line A C aa radius, and from G, with 

hue A B as radius, describe arcs, cutting in H. 

From F, with line A B, and from G, with line A C 
as radii, describe arcs, cutting in I. 
Join G I and G H, H P and F I. 



Fig. 30. 
To construct a Trapezium equal to a given Tr(^ezium, 
A, B, C, D. 
Make line E F equal line A B. 
Make angle E equal angle A. 
Make side E G equal side A C. 
From G, with the side C D aa radius, and from P, 
with B D as radius, describe arcs, cutting in H. 
Join G H and F H. 



am, I 



Fig. 31. 

To construct a Trapezium when t!ie length of the diagonal 
line A B, and the angles at its extremities A and B, 
are given. 

Make line C D equal the length of the diagonal 
AB. 
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Make angles at C equal and correspondent to the 
angles at A, and angles D equal and correspondent to 
those at B. 

Produce their aides until they cut, compteting the 
bnpezium, 



Fm. 32. 
To constnict a TVapezium when two of its adjacent sides, 
I A B and A C, the angle A formed by them, and the 

I length of the sides making pairs with them, D E and 

I F G, are given ; or if the length of one of them, D E, 

h and the length of the diagonal H I, is given. 

^^^^k Make line K L equal line A B. 
^^^H Make line K M equal line A C. 
^^^^ Make angle K equal angle A, 

From L, with line F G as radius, and from M, with 
fine D E as radius, describe arcs, cutting in N. 
Join M N aud L N. 

If one side, D E, and the length of the diagonal 
H I, is given. 

From M, with line I> E as radius, and from K, 
with line H I as radius, describe arcs, cutting in N. 
Draw lines M N and L N as before. 
Note. — No figures for the construction of Trapezoids 
[ are given, as, except that two of their sides are placed 

parallel to each other, the methods of constructing 
I tbem under similar conditions would be the same as 

those for Trapezia. 
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To construct any regular Polygon, the circumscribm 
circle being given. 

At any point of contact C, draw a tangent A ] 
the given circle. 

From C, with any radius, describe a Bcmicircle, 
cutting the given circle. 

Divide the semicircle into as many equal parts as 
the polygon is required to have sides, as 1, 2, 3, 4, 5, 6. 

Drav? lines from C through each division, produce 
them, and the points where they cut the circle will givf 
the place of the angles of the polygon. 



Tig. 34. 
The game— another method. 

Draw a diameter, A B, of the given circle. 

Divide A B into aa many equal parts as the polyp 
is required to have sides, by Fig. 13. 

From A and B, with the line A B as radius, deserib^ 
arcs, cutting in C. 

Draw a line from C through the second division ot 
the diameter and produce it, cutting the circle in D. 

B D will he the side of the required polygon. 

Set off B D round the circumference of the circle, 
and points for the angles of the polygon will be obtained. 

JVoie.— AVhatever number of sides the polygon may 
have, the line from C must always be drawn through 
the second division of the diameter. 
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Fig. 35. 

To construct any regular Polygon of which a line A B is 

the given side. 

Make B D perpendicular to A B, and equal to it. 

From B, with A B as radius, describe arc D A. 

Divide arc D A into as many equal parts as tbere 
are required sides in the polygon, as 1, 2, 3, 4, 5. 

Draw line B 2. 

Bisect line A B, and erect a perpendicular at the 
bisection, cutting B 2 in C. 

From C, with C B as radius, describe a circle. 

With line A B as radius, cut off arcs on its circum- 
ference, and the chorda of those arcs will be the sidea 
of the required polygon. 

Note. — As in Pig, 34, the line from B is always 
drawn to the second division, from the perpendicular 
D B of the arc D A, whatever the number of sides in 



iie polygon. 



^^^B The same — another method. 

^^^V Produce line A B. 

^^^ From A, with any radius, describe a semicircle. 
! Divide the semicircle into as many equal parts as 

are required sides in the polygon, as 1, 2, 3, 4, 5, 6, 
Draw linen through every division except the first : 
[ produce them. 
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Fig. 39. 

To construct any regtdar Pentagon^ the circumscribing 

circle A being given. 

Draw a diameter A B^ and a radius C D perpendi- 
cular to it. 

Bisect A C in a. 

From a, with a D as radius^ describe arc b D, cut- 
ting the diameter in b. 

Draw line D b^ it will be equal to the side of the 
pentagon. 

Fig. 40. 

» 

To construct a regular Hexagon^ the circumscribing circle 

being given. 

Draw a diameter^ A B. 

From its extremities with the radius of the circle 
cut off arcs ab, cd. 

Draw lines A.a, Kb^ c ^^IR d, ac, and b d. 



Fig. 41. 

To construct a regular Heptagon, the circumscribing 

circle being given. 

Draw a radius, A B. 

From B, with A B as radius, describe arcs, cutting 
the circumference in a b. 

Draw line a i, it will be bisected by the radius in C. 
C a will be equal to the side of the required heptagon. 
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Bisect C D in E. 

Draw line E A. 

From E^ with E C as radius^ describe an arc^ cutting 
E A in F. 

From A^ with radius A F^ describe an arc^ cutting 
the circumference in 0. 

The chord A G is the side of the decagon. 

From A, with radius A C, describe an arc^ cutting 
the circumference in H. 

The chord U is the side of a pentadecagon. 



Fig. 45. 

To construct a regular Undecagon, the circumscribing 

circle being given. 

Draw two diameters, A B and D E, perpendicular 
to each other, intersecting in C. 

From E, with radius E C, describe an arc, cutting 
the arc E A in a. 

From A, with the same radius, describe an arc, 
cutting the arc A D in &. 

From a, with radius a b, describe an arc, cutting th© 
radius C D in c. 

Draw the right line c b, it will be equal to the 
side of the undecagon. 



Fig. 46. 
To construct a Pentagon upon a given line A B. 
Produce A B. 



From B, with radius B A, describe a Bemicircle, 
cutting the produced line A B in C. 

From A, with radius A B, describe aa arc, cutting 
the semicircle iu D. 

Bisect A B in £. 

Draw line D E. 

Bisect arc B D in P. 

Draw line E P. 

From C, with radius E P, cut off on the semicircle 
arc 1, and from 1 with the same radius arc 2. 

Draw line B 3, it will be a second side of the pen- 
tagon. 

Bisect it, and draw a line perpendicular to it at the 
bisection. 

The perpendiculars from the sides A B and B 2 will 
cat in G. 

Prom G, with the line O A as radius, describe a 
circle; it will contain the required pentagon. 



Fig. 47. 
7b construct a Hexagon upon a given line A B. 
Prom A and B, with radius A B, describe arcs cut- 
ting in C. 

From C, with radius C A, describe a circle ; it will 
contain the required hesagon. 



Fig. 48. 
To construct a Heptagon upon a given line A B. 
Vroduce A B. 
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To construct an Undecagon on a given line A B." 

Produce A B, and describe the semidrcle as before, 
producing it below A. 

From A, with radius A B, describe aa arc, cutting 
the first arc in D and E. 

Draw the line D E, bisecting A B. 

From Bj with the half of B A aa radius^ describe 
an arc cutting arc B D in G. 

Bisect arc B E in U. 

Draw lines A G and A H, cutting E D in I and 

From C, with radius I K, cut off on the semiciiele 
arc 1. 

Draw line B Ij and proceed as before. 



idK. I 
icircle | 



To describe an Ellipse, ils exes or transverse and con- 
jugate diameters A B and C D bang given. 

Place the transverse diameter AB and the conju- 
gate diameter C D perpendicular to each other at their 
centres. 

From C or D, with the half of A B aa radius, 
describe arcSj cutting line A B in F 1 and F 3. 

These are the focii of the ellipse. 

Divide the two portions of the line AB lying be- 
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tween the two focii and the centre of line A B into any 
uimiber of parts ; tbey may be equal, but it will be an 
advantage if the divisions lessen as tbcy appiv^acb F. 

Number them 1, 2, 3, 4, &o. 

From F 1, with radius A 1, A 2, A 3, A 4.-, &c. 
describe arcs in the spaces A C and A D. 

From F 2, with B 1 (the first division towards A 
beyond the centre of A B), B 2, B 3, B 4, &c. de- 
scribe arcs cutting the arcs already described from F 1 ; 
radius B 1 cutting arc A 1, kc. in a, b, c, d, &c. 

Draw a line, passing through the points A a, b, c, d, 
e, f, C, and complete the figure by a repetition of the 
process. 



The same — another method. 

Place the diameters pei-pendicular to each other at 
their centres C, as before. 

From C, with radii C A and C D, describe 
circles. 

Divide the circumference of the larger circle into 
any number of equal parts, 1, 2, 3, 4, 5, 6, 7. 

Draw radii from each division, cutting the smaller 
circle also in 1, 2, 3, 5, 6, 7. 

From the divisions of the snialler circle, draw lines 
parallel to the transverse diameter A B. 
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From tlie divisiona of the greater circle, draw lines 
parallel to the conjugate diameter D E, 

The intersections of the lines bo drawn will give 
points through which to draw the curve of the ellipse. 



Tkes. 



Fig. 56. 

f — another method. 



Place the diameters as before. 

At A and B draw lines parallel, and equal, to line 
DE. 

At D and E draw lines parallel, and equal, to line 
A B, constructing an oblong, F, G, H, I, having sides 
equal to the diameters of the ellipse. 

Divide line A C and B C into the same number of 
equal parts, 1, 2, 3, C. 

Divide lines A F and B G into the same nnmber of 
equal parts, as lines A C and B C. 

Draw lines from E through the divisions on line 
AB. 

Draw lines to D from the diviaiona on lines A F 
and B G. 

The intersections will give points as in the last 
figure, 

Repeat the process for the other half. 
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Place the diameters — find the focii and letter them, 
as in Fig. 54. 

Fix two points, as pins, at F 1 and F 2. 

Tie loops at the ends of a string, the string, in- 
cluding the loops, when pulled tight, being equal in 
leugth to line F 1, D, F 2. 

Place the loops over the pins at F 1 and P 2. 

Place a pencil or other marking point within 
and against the string {which must be kept equally 
strained). 

Make the pencil traverse from A through D to B, 
and if care bas been taken to keep the string equally 
strained, a semi-ellipse will be obtained. 

Turn the string over and repeat the process for the 

IJ*erhalf. 



Fig. 58. 



ji describe an Elliptical fgvre by Arcs of Circles, 
its transverse attd conjugate diameters A B and D E 
being given. 

Place the diameters perpendicular to each other at 
their centres, C. 
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Prom A, with line D E as radius, cut line A B in F. 

Divide F B into three equal parts. 

From C, with two of those parts as radii, cut line 
A B in fl and b. 

From a aud b, with radius a b, describe arcs cut- 
ting in c and d. 

From d, with radius d D, describe arc e /. 

From a and b, with radius a A, describe arcs e g 
snifh. 

From c, with radius c E, desciibe arc t; h to com- 
plete the figure. 

Lines drawn from c and d, through a and h, will 
give the points of junction of the four arcs. 

Note. — Tfiis figure is given as a simple mechanical 
method uf producing a figure approximating to an ellipse, 
but it is on many accounts objectionable from the imper- 
fections of the curve obtained, and Ike frequent impossi- 
bility of the coincidence of the arcs described from the 
two sets of centres. 



Fig. 59. 



To describe an Oval or Egg-sliaped figure, its transverse 
and conjugate diameters A B and C D, and their point 
of intersection E, being given, by points and a strxjig. 

Place the diameters perpendicular to each otbcr at 
E, making E C equal E D. 
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Bisect A E and draw a line througli the bisection 
parallel to C D. 

From A, witli radius E C, cut the last drawn line in 
G and H. 

From A, with the half of line G H as radius, cut 
line G H in I and K. 

Divide G I into two equal parts, and set off one 
of them from I and K, cutting line G H in P 1 and 
P2. 

From B set off two of the same parts, cutting line 
A B in F 3. 

Place pins in A, F 1, F 2, and F 3. 

Tie a string tightly round those four pins. 

Remove the pin at A and substitute a marking 
point, as in Fig. 57. 

The traversing point will descrihe an oval passing 
through, and having its greatest dimensions in, the 
points A, B, C, D. 



I 



Pig. 60. 

To deicribe an Oval by Arcs of Circles, 



Upon any right line, A B, describe a semicircle C D, 
equal in diameter to the proposed oval. 

Prom C and D, with the radius of the semicircle, 
cut the right hne in A and B. 

From A and B, with radius B C, descrihe arcs C E 
and D F. 
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From A or B draw a right line through the trans- 
verse diameter, catting it in G, touching the opposite 
arc in E or T. 

From G, with radius G E, describe arc E E, com- 
pleting the figure. 

Note. — The length of the figure may be increased or 
diminished by increasing or diminishing the radii A D 
and B C, and by placing the point G higher or lower on 
the transverse diameter. 



i 



To describe a Spiral Curve, the greatest diameter A B 
being given. 

Sisect line A B in C. 

Divide B C into /our equal parts. 

Upon the first part below C describe a circle equal 
in diameter to the part, this will be the eye of the 
spiral. 

Then, as in the larger figure D, 

Inscribe a square, and draw its central diameters, 
1—3,2—4. 

Divide each diameter into six equal parts. 

Number them as in the figure — their extremities, 
commencing at the top left, being 1, 2, 3, 4 — the first 
divisions on each 5, 6, 7, 8 — the second 9, 10, 11, 12. 

From 1, with radius 1 A, describe an arc. 
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From 1 draw a line through 2, and produce it to cut 
the arc last drawn in a. 

From 2, with radius 2 a, describe an arc^ termi- 
nating it by a line drawn from 2 through 3^ and pro- 
ceed thus^ describing arcs from each point in the eye 
until the spiral is complete^ always terminating the 
arcs^ as in arc 2, by drawing a line from their centres 
through the point next in advance. 
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ELEMENTARY PROBLEMS OP 

SECTION IL 



Fig. 62. 
To bisect a given Angle A, 



From the angular point A^ with any radius^ describe 
an arc cutting the sides of the angle in a and i, 
From a and b describe arcs cutting in e. 
Draw line A c^ and the angle is bisected. 



Fig. 63. 
To trisect a Right Angle A. 

From the angular point A, with any radius, describe 
an arc cutting the sides of the angle in a and b. 

From a and b^ with the same radius, cut off the 
arcs c and d. 

Draw lines c A and d A and the right angle will be 
trisected. 
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Fio. 69. 

To draw a Tangent to a Circle from a given point A 

lying without the circumference. 
Draw a line from the givp.n point A to the centra 
of the circle C. 

Bisect line A C in B. 
From B, with radius B Aj describe a semicircle 
cutting the given circle in D. 

Draw line A D and produce it ; it is the requireJJ 
tangent drawn from the given point. 



Fio. 70. 

To draw a Tangent to any point of contact A, in thi% 
of a circle A B, when the centre cannot be obli^ 
or used. 

Draw the chord, A B. 
Bisect it in C. 

"Erect C D perpendicular to A B. 
Draw line D A. 

Make angle DAE equal angle D A C. 
Produce the line E A ; it ia the tangent requin 



To draw a Tangent to an Ellipse at a given poxiA 
contact A. 

Draw the tranaverae axis by Fig. 66, and obt 
the focii a i of the ellipse by Fig. 57. 
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From a and b draw lines a A and b A through the 
given point of contact, producing one of them, as a A 
to c. 

Bisect the external angle c A i in B. 

Draw Une B A and produce it ; it is the tangent re- 
quired drawn through the given point 



Fig. 72. 

To draw a Line perpendicular to the curve of an Ellipse 

from a given point k. 

Draw the transverse axis, and obtain the focii as 
in the last figure. 

Draw lines from the focii through the given point A, 
producing them both, making angle a Kb. 

Bisect angle a A 6 by line B A ; it will be perpen- 
dicular to the curve. 

By this process the joints of masonry for elliptic 
arches may be obtained. 
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From B draw a line E, parallel to the base A C, and 
equal to tbe line B D, the altitude. 

Draw from the angle opposite to E, as angle C, a 
Ime C E, cutting the side of the triangle A B in F. 

From F draw a line F G, perpendicular to the base 
AC. 

Draw line F H parallel to A C, cutting the side 
B C in H. 

Draw line H I parallel to F G, and the square will 
be complete. 

Note. — T/te side of the square may be coincident with 
tiTiy side of the triangle, if neither of the angles at the 
extremity of suck side is greater than a right angle. 



Pig. 76. 

To itiscribe an Oblong in any Tj-iangle, flj D E F, stick 
oblong hating a side equal to a given line A B, not 
greater than the longest side of the triangle. 

Set off D C on the base of the triangle equal to line 
AB. 

From C draw a line parallel to side D E, cutting 
side E F in E. 

From K draw a line perpendicular to the base, and 
another parallel to the base, cutting sides D E and D F 
in H and I. 

From H draw a line perpendicular to the base, to 
complete the oblong. 
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Fio. 7?. 
To inscribe a Circle within any Triangle, 
Find the centre, C, by Fig. 64. 
From C draw a line C D, perpendicular to any aide 
™ >tie triangle; it will be the radius of the circle to be 
iasnibed. 



N 



Fig. 78. 
To describe a Circle about any THangle. 

Bisect any two aides of the triangle. 

From the points of bisection A B draw lines per- 
pendicular to those sides, produce them until they cut. 

Their point of intersection, C, will be the centre, and 
a line drawn from Buch point to any angle of the 
triangle, as C D, the radius o£ the circle. 

This figure is, in fact, only another application of 
Fig, 67, the three angles of the triangle bemg similar 
to the three points there given. 



Fig. 79. 
To inscribe an Equilateral Triangle in a Square. 
Trisect angle A B C in a and 6 by Fig. 63. 
Bisect angles A B a and 6 B C in D and E. 
Draw lines D B, D E, and E B, to complete the 
triangle 
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Fig. 80. 

To inscribe an Isoskeles Triangle in a Square, such triangle 
to have a base equal to a given line A B^ not greater 
than the diagonal of the square. 

Draw a diagonal^ C D. 

From D, with half line A B as radius^ cut C D 
inG. 

Draw a line through 6, perpendicular to C D, cut- 
ting the sides of the square in E and F. 

Draw lines E G and G F to complete the triangle. 



Fig. 81. 

To describe an Equilateral Triangle about a Square, 

ABGD. 

From C and D^ with the side of the square as 
radius, describe arcs A E and B F, cutting each other 
inG. 

From G, with the same radius, cut arcs A E and 
B F in E and F. 

Draw lines E D and F G, and produce them 
to H. 

Produce the base A B until it cuts lines D E and 
C F in I and K. 

H I K will be an equilateral triangle. 
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Fm. 83. 

To inscribe or describe a Square, havhig aside equal to a 
given line A B, wilhitt or about, and equidistant from, 
the sides of a given square. 

This figure is another application of Fig. 74. 

Draw the diagonals C D and E F. 

Make F G equal line A B. 

From G draw a line G H, parallel to F E. 

Di:aw a line from H parallel to D F, and complete the 
figure as in 74. 

If the side be greater than the given side, proceed 
as in Fig. 74. 



FiQ. 83. 

To inscribe or describe a Circle within or about a given 
Square. 

Draw tlie two diagoDoIs of tlie square, intersecting 
each other in C. 

From C. draw a, line perpeodicular to any side, ag 
C A. 

C will be the centre, and line C A the radiua of the 
circle to be inscribed. 

C will he the centre, and half the diagonal, as C B, 
the radius of the circle to be described about the given 
square. 
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Fio. 84. 
To insaibe a Square in any Equilateral Four-sided Figure. 

Draw the two diagonals of the given figure A B, D E, 
intersecting at C. 

Bisect any two adjacent angles, as A C E and B C E. 

Produce their bisections, cutting the sides of the 
given figure in F, G, H, I. 

Draw lines F, G, H, I, to complete the figure. 



Fig. 85. 
To inscribe a Rhombus in any Parallelogram, whether 
right or oblique-angled. 
Draw the diagonals and bisect the angles as before, 
but if it is required that the angle of the inscribed figure 
should touch any particular point of the given figure, 
as G, then (instead of bisecting the angles) from G draw 
a right hne through the centre C, and anotacr perpen- 
dicular tp it, also through C; the extremities of those 
lines will give the points F, G, H, I. 



FiQ. 86. 

'o imcribe a Square in any Trapezium having adjacent 
pairs of sides equal. 
Draw the diagonals of the trapezium A B and C D. 
Divide cither of the sides of the trapezium, as A Cj 



/ 
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proportionally to the two diagonals, by Fig. 15 ; that is, 
draw a liue equal to A B, as E F. 

Produce it, making F G equal to C D. 

Place H I e-jual to A C parallel to E G. 

Construct the triangle E K G, 

Draw a line from F to K, cutting line H I in L. 

From C, with radius I L, cut line A in M. 

Draw M N parallel to A B, and upon the line 
M N construct the required square. 



To itiscribe a Circle in any Equilateral Four-sided Figure, 
ABDE. 

Bisect any two adjacent angles, aa A and B ; their 
bisections will cut in C. 

From C draw a line perpendicular to any side of 
the given figure, as C F. 

C will be the centre, and C F the radius, of the 
circle to be inscribed. 



To tjiscribe a Circle in any Trapezium, ABDE, having 
adjacent sides equal. 

The description and letters of the laat figure apply 
also to this. 
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Fia. 89. 

To inscribe or describe an Equilateral Triangle within or 

about a given Circle, 

Draw a diameter of the circle, A B. 

From A, with the radius of the circle, cut its cir- 
cumference in C and D. 

Draw lines C 6, CD, and B D, for the inscribed 
triangle. 

From B, C, and D, with line B C as radius, describe 
arcs cutting in E, F, and G. 

Draw lines E F, EG, and F G, for the described 
triangle. 



Fig. 90. 

lo inscribe any Triangle in a Circle, such triangle to 
have angles equal to those of a given triangle, ABC. 

Draw a tangent, D E, to the circle. 

At its point of contact, F, make angle D F G equal 
angle A, 

Make angle E F H equal angle C. 

The sides of the angles F G and F H cutting the 
circumference in G and H. 

Draw line G H, and F G H will be the inscribed 
triangle, having its angles equal to those of the ^ven 
triangle. 
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Fib. 91. 



To describe any Triangle about a Circle, such triangle to 
i have angles equal to those of a given triangle, ABC. 

\ Produce the base of the given triangle, as a b. 

Draw any radius, D E, of the circle, and another 
D F, making angle E D F equal to the external angle 
of the triangle a A C. 

Draw another I'adius, D G, making angle E D G 
equal to the esternal angle 6 B C. 

At the extremitiea of the radii E F G draw tangents, 
cutting in H I K. 

The triangle H I K will be described about (he 
given circle, and its angles will be equal to those of the 
given triangle. 



Fig. 92. 
To inscribe or describe a Square in or about a Circle. 

Draw two diameters, A B and C D, perpendicular to 
each other. 

Join their extremities by lines A C, C B, B D, and 
A D, for the inscribed square. 

From A, B, C, and D, with the radius of the circle, 
describe arcs cutting in E, F, G, and H. 

Draw lines E P, E G, F H, and G H, for the de- 
scribed square. 
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^B Fig. 93. ' 


^^H To destnribe a Circle touching two given Circles A and B, 


^^^1 and one of them in a given point C . 


^^H Draw a right line, A B, connecting the centres of 


^^H the given circleg. 


^^^1 Draw from C, the proposed point of contact, a radiua. 


^H 


^^M In the second circle draw a radius, A D, parallel to 


^H radius C B. 


^^M Draw line C D, producing it if necessary to a point 


^^M opposite to C, as E. 


^H Draw lines C B and E A, producing them until 


^H they cut in F. 




^^H Note. — This problem will apply in all cases, whether 


^^H the circles be equal or unequal, in contact, intersecting. 


^^M inscribed, or separated, except when the line C D is a 


^^H tangent to both circles. i 


^H ^^1 


^^^1 To divide a Circle into any given number of proporltmo^^^M 


^^^B parts by concentric divisions. 


^^H When the parts are required to have a progressional 


^^^f proportion, as 1, 2, 3, 4, &c., to each other, draw a 


^^H radius, A B, of the given circle, and divide it into as 



PLANE qeomethical figures. 



many equal parts as are required divisions in the circle, 
as 4. 
[ Upon the radius A B, with its half as radius, de- 

I BCribe a Bemicirele, A C B. 

I Erect perpendiculara upon the radios at the sub- 

divisions 1, 2, 3, 4, cutting the semicircle, A C B, in 
5C6. 

From A as centre, and with A 6, A C, and A 5, as 
radii, describe circles. 

The circle A 6 will be one-fourth; A C one-half; 
A 5 three-fourths of the original circle. 

Note. — The number of parts admit of any extension, 
and, if requii'ed, may be unequal. 

^^^B Draw ft diameter, A B. 

Divide it into as many equal parts as are required 
divisions of the circle, as Ij 2, 3. 

Upon A 1, with its half as radius, describe a semi- 
circle. 

Kepeat the same upon A 3. 

Then repeat the process upon the other side of 
the diameter, commencing at B, and complete the 



Fm. g 



b diuide a Circle into any number of parts equal to each 
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Fig. 100. 



To inscribe four equal Circles in a given Circle. 

Draw the circumscribing squarcj A B C D, 

Draw its diagonals, A D and fi C. 

Draw two diameterSj E F aud G H, parallel to its 
sides ; all cuttiDg in a. 

The figure being now divided into four equal 
isoskeles triangles, bisect any angle of oue, as a B G. 

Produce the bisecting line, cutting line H G in b. 

From a as centre, with a 6 as radius, cut the 
diaroeters in c, d, and e. 

b, c, d, and e will be the centres, and line b G the 
radius of the four required circles. 

Note. — By this figure four circles may be inscribed 
in a square, each circle touching only one of its sides. 



Fig. 101. 
To inscribe Jive egual Circles in a given Circle. 

Divide the circumference, as for the inscription of a 
pentagon, into five equal parts. 

From the centre C draw lines through two divisions, 
as 3 and 4, and produce them. 

Bisect angle 3 C 4, and draw line A C, touching 
the periphery of the given circle in A. 

At A, draw a tangent to the circle, cutting lines 3 
and 4, and completing the triangle BCD. 
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loacribe a circle in this triangle by Fig. 77, having 
its centre gt c. 

From C, with C c as radius, inBcribe a circle D, 
cutting lines B C and C D in a and b. 

From Cj with the line a 6 as radius, cut the peri- 
phery of circle D in points d, 7, 8, D. 

Upon those points, with radius c A, describe the 
circles to complete the figure. 



FiQ. 102. 
To describe about a Circle six other Circles, each equal 
to the given circle, touching each other and the given 
W circle. 

From the centre of the given circle C, with its 
diameter as radius, describe a circle A. 

With its radius cut its circumference in 1, 2, 3, 4, 



Upon those points, with the radius of the given 
circle, describe the six required circles. 

Note. — By this figure six or seven equal circles may 
be inscribed in a. given circle. 

Let the outer circle, B D, be the given circle. 

Draw any radius, C D. 

Divide line C D into three equal parts, a, b, D. 

From C as centre, with C a as radius, describe a 
circle. 

From C, with C & as radiua, describe a circle, and 



PEACTIC4I. GEOMETRY. 

with Its radiuN cut its circumference in 1, 2, 3, ^9 
and 6. ^^ 

Upon each point, with a b as radius, describe the 
six required circles. 



FiQ. 103. 
To inscribe within a given Equilateral Triangle, D B"i 
three equal Semicircles, lucving their diameters ad- 
jacent. 1 
Bisect the sides by lines A D, B E, and C F. j 
Inscribe the triangle, ABC, within the given 



Upon A B describe a semicircle^ a b, touching the 
sides of the triangle F E and F D. 

From a and 6, draw lines parallel to the sides of 
the triangle F D and F E, intersecting lines A D and 
B E in 1 and 2. 

Draw line 1, 3, and construct upon it an equilateral 
triangle; its sides will be the adjacent diameters of 
required semicircles. 



Flo. 104. 
To inscribe within a given Circle three equal Semicircles, 
having their diameters adjacent. 
Draw a diameter, A B. 
Draw a radius, C D, perpendicular to A B. 



teral { 
■ the. 
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Trisect angle A C D in F and E. 

Make D G equal D F. 

Draw diameters from F and G. 

Draw line E G, cutting line F in H. 

Draw H I perpendicular to line A B. 

Construct npon H I an equilateral triangle, its : 
will be the adjacent diameters of the required s 
circles. 



Fig. 105. 
To inscribe within a given Square four equal Semicircles, 

having their diameters adjacent and their arcs touch- 
ing two sides of the given square. 

Draw the diagonals, B and C. 

Draw two central diametera perpendicular to each 
other. 

Bisect A B in E. 

Make C F equal A E. 

Draw hne F E, cutting diameter A in G. 

Set off A G from the extremity of each diameter, as 

Join Gfff, and the lines so drawn will be the ad- 
jacent diametera of the required semicircles. 

Note. — Four Bcmicircles, their area touching one 
side of the given square, may he inscribed by Fig, 98, 
making g the centre and g f the radius. 
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ELEMENTARY AXIOMS AND EIGtJRES 
OF SECTION III. 



Fig. 106. 

The measuremeat of plane Burfaces, or the super- 
ficial area of figures, ia obtained by multiplying to- 
gether two of their dimensions. If a figure has more 
than two different dimensions, as a Trapezium, then 
such figure is divided into triangles, the areas of such 
triangles found, and by their addition the sum of the 
area of the whole figure obtained. Suppose Pig. 106 
to represent an oblong having a base, A B, four inches 
in length, and an altitude, A C, two inches in height ; 
four inches and two inches are the dimensiona of the 
two lines which bound its area or surface : therefore, 
multiply four inches by two inches, the quotient, eight 
square inches, will be the surface measurement of the 
oblong. 

But this multinlication of the two sides, A B and 
A C, together, can ftpply only to figures whose angles are 
right angles, and the side, therefore, equal to the alti- 
t'lde, and whose opposite sides are equal. 
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All ParallelogramSiWhether right or ohl,ique-angled,having 
equal bases and equal altitudes, have equal areas. 

A B C D, Fig, 107, is a right-angled parallelogram, 
divided into four equal squares. 

B G D E is aa oblique-angled parallelogram. 

Its base, C D, equal to the base of the right-angled 
parallelogram A B C D. 

Its altitude, D B, equal to the altitude of the right- 
angled parallelogram. 

By superposition, C D B is common to both paral- 
lelograms ; 

C A B is equal to D B E ; therefore parallelogram 
A B C D is equal to parallelogram B C D E : 

Therefore, the superficial areas of all parallelograms 
are obtained by multiplying together their base and 
altitude. 

All parallelograms having equal altitudes, /mve to 
each other the same ratios that their bases have. 

Parallelogram, A C 1, 1, Fig. 107, has the same 
altitude as parallelogram A B C D. 

Its base is one half of the base of the parallelogram 
ABCD. 

The area of A B C D is four, the area of A C 1, 1, 



Note. — The multiplication of half the base by the 
lo/wle altitude, and the multiplication of the whole base 
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by half the altitude, produce the same results. Tkerefore, 
all parallelograms having equal bases have to each otbtf 
the same ratios that their altitudes have. 



All Triangles are equal to Parallelograms of equal alti- 
tudes and half the base, or of equal base and half 

the altitude. 

ABC, rig. 108, is a triangle. A B D E a paral- 
lelogram haviog a base, A B, equal to the base of the 
triangle; an altitude, C F, equal to the altitude of the 
triangle. 

By Buperposition A B C is equal to A F C ; 

BE Cequa! toBFC; 

Therefore, in the parallelogram A B D E there 3 
the triangles A B C, A D C, and B E C. 

But A D C and B E C are together equal 1 
ABC. 

The area of the triangle ABC will, therefore 
half the area of the parallelogram A B D B. 

Triangle A B G has the same base and altittU 
triangle A B C. 

The parallelogram A B E G is composed of triangle 
AEG and triangle A B G; each, by superposition, is 
equal to the other ; 

The area of the triangle A B G will be half the area 
of parallelogram A B E G j 
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But parallelogram A B E G, liaving the same base 
aud altitude as parallelogram A B I) E, is equal to it : 

Therefore, triangle A B G is equal to triangle 
ABC: each being equal to the half of parallelogram 
ABDE. 

Therefore triangles having equal bases and equal 
altitudes have equal areas. 

The superficial areas of all triangles are obtained by 
multiplying together their base and Aa//' their altitude 
—or their altitude and half their base. 



FiQ. 109. 



All Triangles having equal altitudes, have to each other 
the same ratios that their bases have ; or, having equal 
bases, the same ratios that their altitudes have. 

Triangle ABC, Pig. 109, has the same altitude aa 
triangle A C D. 

The base A B is half the base A D. 
By superposition triangle A B C is half the triangle 
ADC. 

The altitude of A B G is equal to the altitude of 
ADC. 

, The base of A B C is half the base of A D C. 

;reforc the area of A B C is half the area of A D C. 



Triangle A E D has the 



The altitude B E is half the altitude B C. 



The triangle A D E is commoti to triangle ADC. 

By superposition triangle A F E is equal to triangle 
A HE. 

TiiaDgle F C E is eqnal to triangle H E B ; 

Triangle D E G eqnal to D E Ij 

Triangle G E C equal to B I E : 

Therefore, the area of triangle A E D is half the 
area of triangle ADC. 

Their bases heing equal, and their altitudes in the 
ratio of the half to the whole. 



Within a very minute degree of precise accuracy,* 
the circumference of a circle ia equal to three times 
and one-seventh of its diameter. If the diameter be 
three inches and a half) its circumference will be eleven 
inches. 

Fig. ho. 

The Area of a Circle is equal lo a Parallelogram, two 
of the sides of which are equal to half Ike circum- 
ference, and the other two to the radius of the circle, 
or the whole circumferettce and half the radius. 

Circle A, Fig. 110, ia divided into thirty-two equal 
parts or triangles, the radii of the circle forming their 
Bides. 

Sixteen of those parts or angles are opened out 

* The error ia about g^'jjg port of the circumference. 



\ 
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at B, making line E C equal to the half of the cir- 
cumference of the circle A, The remaining eixteen; 
from 17 to 33 inclusive, will fit into the triangles on 
the line B C; the buBes of triangles 17 to 32 being 
coincident with the vertices of triangles 1 to 16j and 
making a parallelogram equal in area to the circle. 

The parallelogram B C, 17, 33, would be equal 
to a triangle having line B'C for its base, and having, 
twice the altitude of the parallelogram, which is the 
radius of the circle for its altitude. 

Therefore a circle is equal to a triangle having half 
its circumference for base and its diameter for alti- 

Or its whole circumference for base and its radius 
for altitude. 

Or to a parallelogram having half its circumference 
for base and its radius for altitude ; 

Its whole circumference for base and half its radius 
for altitude ; 

Or its diameter foi base and One-fouhth of its cir- 
cumference for altitude. 



Fie. 111. 

A Triangle having its base and altitude eqnal to 
the side of a square, and a Circle inscribed in that 
square, are to each other ia the ratios of two, three. 



■nd four; that is, the Triangle will have i 



e-half, 
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and the Circle three-fourths of the area of the 
square. 

The circumferences of circles have to each other the 
eame ratios that their diameters have. Thus, if the 
diameter of a circle he 3^ inches, its circumference 
will be 11 inches. 

If the diameter of another be 7, {twice 3J), its 
circumference will be 22, (twice 11); but the area 
of the first circle will be 9'°- 3' 3"; the area of the 
second 36"^ 9' 0", thirty-six inches and nine-twelfths 
of an inch, four times the area of the first circle. 

The diameter 'of the second circle is twice the 
diameter of the first; the area of the second/oiir .times 
the area of the first ; and as four is the square of two, 
the areas of circles have the same ratios to each other 
as the squares of their diameters. 

Thus, if the diameters of a series of circles are 
as 1, 2, 3, 4, 5, 6, &c., the circumferences of the second, 
third, fourth, fifth, and sixth will be respectively twice, 
three, four, five, and sbt times the circumference of //« 
first. 

The areas of the circles being — 

Of the second, four; 

Of the third, nine; 

Of the fourth, sixteen ; 

Of the fifth, twenty-five ; 

And of the sixth, thirty-six times the area of the 
first. Those numbers being the squares of 8, 3, 4, 
6, and 6. 
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Fia. 113. 

To draw a Right Line equal to half the circamference of 

a given Circle. 

Draw a diameter, A B. 

Draw line A C perpendicular to line A B, and 
equal to three times tlie radius of tbe circle. 

Draw a line at B perpendicular to A B. 

With the radius of the circle cut off are B D. 

Bisect arc B D. 

Draw a line from the centre of the circle through 
the bisection, cutting line B in E. 

Join E C. 

Line E C will be equal to half the circumference of 
the given circle. 



TiQ. 113. 

Two Right Lines, A B ajtd C D, being given, to find 

a mean proportional line. 



Prodnee line A B, making B E equal line C D. 

Bisect line A E in F. 

From E, with radius F A, describe a semicircle ou 
line A E. 

At B, the point of junction of the two given lines, 
erect a line perpendicular to A E, cutting the Bemi- 
circle in G. 

Line B G will be a mean proportional to lines A B 
and C D. 
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Line B G being in the same proportion greater 
than line G D^ that it is less than line A B. 

If line A B were four inches in length, and line 
C D one inch, then B G would be two inches in length. 



Fig. 114. 

Two right lines, A B and C D, being given, to find a third 
line proportional to them, when the required line is 
LESS than either of the given lines. 

Make line E F equal to the given line A B. 

Draw line E G, making any angle with line E P, 
equal to line C D. 

Draw line F G. 

From E, with radius E G, cut line E F in H. 

Draw line H parallel to line F G, cutting line E G 
in I. 

Line E I will be the third proportional line re- 
quired, less than either of the given lines. 

If lines E I and E G are the given lines, and a third 
line proportional to them and greater than either is re^ 
quired. 

Draw line E G. 

Cut off upon it line E I. 

From E, with radius E G, describe an arc, G H. 

From I draw a line cutting the arc in any point, 
as H. 

Draw a line from E through H, and produce it. 
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f 



Draw a line from G parallel to line I H^ cutting the 




E fl.rnno.li H in V 



SnTilQpe CfMies. 



4€ 



CSnst%|pofetr0f«0b." 



1 Cbft. i. 24. 



Br Z. J. 



u 



For Ood hath not giyte us the spiilt of hat; 
but of power, and of love, and of a sound 
mind.'»--2TiM.f;7. 



LONDON: MORGAN AND SCOTT, • 
(oFncB OP "i^ fftrnirtinw") 

12, PATBRNOSTBR BUILDIHOS. B.C. 
And M0y be ordered twenty Bookseller, 

Price 6d. ^ Dozen, 



■jportional line re- 

»n lines. 

; a reversal of the 



|1 P, being ffiven, 
vol to them. 

line A B. Draw 
^g any angle with 



X 

1 



G H, making G K 

line H I, cutting 

proportional line 



.given lines, and a 
' than either is re- 



From G draw a line making any angle with line G L 
Cut off upon it line G K, 
Upon G I cut off 6 L. 
Draw line K L. 
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From I draw a line parallel to line K h, cutting the 
produced line G K in H. 

Line G H will be the fourth proportional, greater 
than the given lines. 



Fig. 116. 

To divide a right line, A B. into extreme and mean 

j^oporL. 

Erect a perpendicular at A, making line A C equal 
halfkB. 

Draw line B C. 

From C, with radius C A, describe an arc, cutting 
line B C in D. 

From B, with radius B D, describe an arc, cutting 
Une A B in E. 

Line E A is the extreme^ and line B E the mean, 
proportional of line A B. 

That is, A E has the same ratio to B E, that B E 
has to the whole line A B. 



Fig. 117. 

To divide a right line A B successively into its \, its ^, 

its \y its J, ^c. 6;c. 

Upon A B construct any parallelogram, either right 
or oblique-angled, as A B C D. 

Draw diagonals C B and A D, intersecting in 2. 
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Draw line 3 parallel to A C, cutting A B in |. 

Draw line D -^, cutting B C in 3 ; draw line 3 
parallel to A C, cutting A B in -J . 

Draw line D -J, cutting line B C in 4 j draw line 4 
parallel to A C, cutting A B in -J, &c. &c. 

The divisions thus obtained are the i, the J, the ^, 
the J, &c,, of the whole line A E. 



It has been shown that, — All Parallelograms having 
equal bases and equal altitudes have equal areas : 
Therefore, any square may be converted into a 
rhombuB, or any oblong into a rhomboid of equal 
area, by the base of the square or oblong being made 
the base of the rhombus or rhomboid, and the altitude 
of the square or oblong the altitude of the rhombus or 
rhomboid. 

That, — All Triangles having equal bases and equal 
altiludes have equal areas ; 
Therefore, triangles may be converted into other 
'riangles (as an equilateral into a scalene, or a scalene 
into an isoskeles"], of equal area, by the base and 
altitude of the given triangle being made the base and 
altitude of the required triangle. 

That, — All Triangles are equal to Parallelograms of 
equal altilude and half the base, ^c. : 
Therefore, any triangle may be converted iuto a 
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parallelogram of equal area^ the base of the triangle 
being made the base of the parallelogram^ and half the 
altitude of the triangle being made the altitude of the 
parallelogram, &c. Or any parallelogram may be con- 
verted into a triangle of equal area; the base of the 
parallelogram being made the base of the triangle^ and 
twice the altitude of the parallelogram the altitude of 
the triangle, &c. 

That, — Circles have areas equal to Parallelograms formed 
by two sides, each equal to half their circumferences, 
and the remaining two, each equal to their radii, or 
equal to Triangles formed by half the circumference as 
base, and the diameter as altitude : 

Therefore, any circle may be converted into a 
parallelogram or triangle of equal area. 
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CONSTRUCTIVE PROBLEMS OF 



SECTION III. 



Fig. 118. 

To construct a Triangle equal to a given Trapezium^ 

ABCD. 

Produce the base of the given trapezium^ B A^ in 
the direction of E. 

Draw a diagonal^ AD. 

From G (the angle opposite the diagonal)^ draw a 
line parallel to the diagonal^ and cutting the produced 
base in E. 

Draw line E D. 

The triangle E D B is equal in area to the given 
trapezium. 

Therefore^ a trapezium may be converted into a 
parallelogram^ by making half\hG base of the obtained 
triangle and its altitude the base and altitude of the 
parallelogram. 
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flG. 121. 

Ob a given base A B, or with a given altitude, to construct 

a Triangle equal in area to a given Triangle, C D E. 

Draw line J) F, the altitude of the given triangle. 

Find, by Fig. 115, a fourth iine proportional to 

Line A B, the given base of the required triangle ; 

Line C B, the base of the given triangle ; and 

Line D F, the altitude of the given triangle. 

This fourth proportional line will be the altitade of 
the required triangle. 

As in Fig. 115, draw line B G equal to line C E, 
at any angle to AB. 

Draw iine A G. 

Cut off B H, equal to line D F. 

Draw line H parallel to A G, cutting B G in I. 

Line B I will be the altitude, and AB the base of 
the required triangle, equal in area to the given triangle. 

That is. Triangle A P B is equal in area to Triangle 
CDE. 

If the altitude of the required triangle be given, 
find a fourth proportional to the base of the given 
triangle, its altitude, and the given altitude of the 
required triangle : such fourth proportional will be the 
base of the required triangle. 

But a triangle is equal to a parallelogram of equal 
altitude and half the base. Therefore, a triangle may 
be constructed on a given line, equal to a given parallel- 
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ogram, by making first a triangle equal to tlie giveo 
parallelogram, and then constrncting on the given line 
a triangle equal to the first triangle bj the last figure. 
A triangle may be constructed equal in area to a 
trapezium, by Fig. 118. Therefore, a triangle may be 
constructed on a given line equal to a given trapeeiuni, 
A triangle may be constructed equal in area to any 
polygon, by Fig. 114 or 115. 

Therefore, a triangle may be constructed on a piven 
line equal to any given polygon. 

A circle ia equal in area to a triangle, &c. There- 
fore, a triangle may be constructed on a piveti line equal 
to a given circle. 



Fig. 122. 

To construct an Equilateral Triangle equal to a given 
Triangle, ABC, not Equilateral. 

Upon the side of the given triangle, A B, construct 
an equilateral triangle A B D. 

Produce line D B, 

Draw a line from C (the vertex of the given triangle) 
parallel to the side A E, and cutting the produced line 
D B in B. 

By Fig. 113 find a mean proportional line to lines 
D B and D E. That is, upon D E describe a semi- 
circle. 

At B, draw E F perpendicular to D E. 
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Line B F will be the mean proportional to Knes 
D B and B E, and will be the aide of an equilateral 
triangle, equal in area to the givea triangle, as triaogle 
BGH. 

Therefore any parallelogram, trapezium, polygon or 
circle, may be converted into an Equilateral trianglB 
having the eame area. 



Fig. 123. 

On a given line A B /o construct a Parallelogram t 
to a given Parallelogram, C D E F. 

Find by Fig. 115, or as in Fig. 131, a fcm 
jn-oportiondl to the given line A B j 

The base, C D, of the given parallelogram 

And the altitude, C E, of the given parallelogram : 

Such fourth proportional, as B G, will be the alti- 
tude of the required paralielogratu. 

But a parallelogram is equal to a triangle of equal 
base, and twice the altitude of the paralklogram. 

Therefore, a parallelogram may be constructed on 
a given line equal in area to a given triangle, by 
making a parallelogram equal to the given triangle, 
and then constructing a parallelogram on the given 
line equal to the obtained parallelogram. 

Therefore, a parallelogram may be constructed on 
a given line equal in area to a square, a trapcsuum, 
a polygon, or a circle, by resolving those figures into 
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tlieir equivalent triaEgles, the obtained triangles into 
equivalent parallelograms, and then constructiog on the 
ffiven lines parallelograma equal to the obtained paral- 
lelogram a. 



Another method tu construct a Parallelogram on a gwen 

line A B, equal in area to a given Parailelogi-am, 

CDEF. 

Produce the base of the given parallelogram C D to 
G, making C G equal to A B. 

Draw a line from Gj cutting angle E of the given 
parallelogram, and produce it, 

Produce side D F of the given parallelogram, 
cutting the diagonal from G in H, 

Line F H will be the second side of the required 
parallelogram ; therefore the parallelogram, C I G K, 
constructed of the given line A B and the obtained line 
P H, will be equal in area to the given parallelogram 
CDEP. 



Pio. 125. 

To construct a PaTallehgrttm upon a given line B E, 
proportionally to another given Parallelogram, A B C D. 
Draw the diagonal B C. 



M 
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At E draw a liDe E P parallel to the side of the 
given parallelogram B D, cutting the diagonal in F. 

From P draw a line F G parallel to the base of the 
parallelogram A B. 

B E F G will be a parallelogram constructed on the 
given line B E, and proportional to the given paral* 
lelogram. That is, the side E F will bear the same 
proportion to the side B D that the base B £ beara to 
the baae A B. 



Fig. 126. 

To construct a Square equal in area to a given Paral- 
ielogram, A B C D. 

Find by Fig. 113, or as in Fig. 123, a mean pro- 
portional to the base A B and the altitude A C of the 
given parallelogram. 

Such mean proportional, as A E, will be the side 
of the required square. 

But a parallelogram is equal to a triangle of the 
same base and twice the attitude. 

Therefore, a given triangle may be converted into 
a square having equal area, by making a parallelogram 
equal to the given triangle, and constructing a square 
equal to the obtained parallelogram. 

And all other figures, as trapezia, polygons, and 
circles, may be, by the same method, converted into 
squares 
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Fig. 127. 
To construct a Parallelogram on a given line A B, 

having equal area to a given Square, 1', 
FincI, by Fig, 114, a third proportional to the given 
line A B and the aide of the square F. Such third 
proportional will he the altitude of the required pafal- 

That is, as in Fig. 114, 

Draw line B C at any angle to line A B, 

Make line B C equal to one aide of the square. 

Draw line A C joining the extremities of the two 
lines. 

From B, with B C as radius, describe arc C D, 
making B D equal to B C. 

Draw from D a line parallel to line A C, cutting 
BCinE. 

Line B E will be the required side of the parallelo- 



4 



That is, a 
and line B £ 
square F. 



I having line A B as base, 
i altitude, will be equal to the given 



Fig. 128. 

To draw a Parallelogram equal to a given Triangle, 
ABC, in area and perimeter. 
From the vertex, B, draw a line, B D, perpendi- 
cular to the base, A C. 



86 
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B D la the dtitude of the tiiangle. 

Produce side A B, making B E equal to B C. 

The line AE is equal to the two sides AB and 
BC of the triangle. 

Bisect the hase A C, as at F. 

Bisect the line A E, as at G. 

Draw a line, as H, equal to half A C. 

Draw another line, as I, parallel to H, and at a 
distance from it, equal to line B J), the altitude of the 
triaugle. 

From both extremities of line U, with the half of 
AE as radius, cut line I in 1 and 2. 

Draw lines from 1 and 2 to the adjacent extremities 
of line H, and a parallelogram will be obtained equal to 
the given triangle in area and perimeter. 



Fig. 129. 

To construct a Triangle, Parallelogram, Circle, or re- 
ffular Polygon, having any given proportion in area 
greater or less than a given Triangle, Parallelogram, 
Circle, or regular Polygon. 

Let the line A B represent the base or side of a 
triangle or parallelogram, or the diameter of a circle or 
polygon. 

Let the figure first proposed to be enlarged or 
diminished be a squarcj as D. 
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Let the required figure be proposed to be one-tliird 
of the given figure. 

Produce the line AB indefinitely. 

Take -J of A B, and set it off from B as at J. 

Bisect A -J as at C. 

From C, as centre, with CA as radius, describe a 
acmicircle. 

At B erect a perpendicular, cutting the semieircle 
at x. 

B X will be the side of a square, having -J- the 
area of the given square, of which A B is the side, as 



If the proposed figure be a triangle, as E, A B 
being its base. 

With the obtained line, B x, as base, construct a 
triangle having angles equal to those of the given 
triangle, as triangle e. 

If the proposed figure be an oblong, as F, A B 
being its base. 

With the obtained line, B x, construct an oblong 
proportional to the given oblong, aa/j or, having ob- 
tained a proportional base, B x, obtain a proportional 
GJde in a similar manner. 

If the proposed figure be a circle, as G, or a polv- 
gon, of which A B is the diameter, 

On the obtained liue, B x, as diameter, describe a 
circle, as j. 

It is proposed to construct or describe a figure. 
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having IJ the area of the given figure represented by 
AB. 

From B set off H A B, as at 1 and i. 

Bisect A ^, and at the point of bisection, with half 
A J, describe a semicircle. 

Erect a perpraidiciilar at B, cutting the semicircle, as 
at y. 

B y will be the side required, on which to construct, 
as given io detail with the first figure, a figure having 
]^ the area of a similar figure constructed on line A B. 

It is proposed to construct or describe a £gure 
having twice the area of a given similar figure cou- 
etructed on A B. 

From B set off twice A B, as at 2. 

Bisect A 2, and describe, with the half of A 2, a 
semicircle aa before. 

Erect the perpendicular again at B, produce it to 
cut the semicircle as at z. 

B z will be side required on which to construct, &c. 
&c., as before. 

It is proposed to construct a figure having 2|- the 
area of a given similar figure constructed on A B. 

Set off from B twice A B, as at 2, and f of A B, as 
at f- 

Bisect A f- and proceed as before. 

ITierefore the proportion desired has always to be 
added to B, as ^—1^—2—2^. 

In this figure it is essential to remember that. — 
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If a semicircle were described from B, the perpen- 
dicular erected at B, and touching ihe semicircle, 
would be equal to A B. Therefore, that 

All semicircles described upon diameters less than 
A 1 give, at B, perpendiculars less than A B. 

B J is the side of a figure which would commonly 
be said to be half as large again as a similar one 
on A B. But B y is the side of a figure really half as 
large again. 

B 3 would also he commonly suid to give a figure 
twice as large as a similar figure on A B. But B z is 
the true side of a figure, having twice the area of the 
first figure. 

The centre of the semicircle, therefore, varies with 
the vailing proportion required j but the point at which 
to erect the perpendicular never changes, it is always at 
the exlremily of AS. 



To construct a Triangle equal in area to the areas of 

two or more dissimilar Triangles, as Triangles ABC 

andH. 

By Fig. 121, change triangle D into an equal 
triangle, having its altitude equal to the altitude of 
triangle A B C, as B. 

Produce the base B A of triangle ABC, making 
B F equal to the base of triangle £. 
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Join C F. 

Triangle A C F is equal in area to the two given 
triangles. 

The number of the triangles may, of course, be in- 
creased at pleasure. 



To consti'uct a Triangle equal in area to the difference 
in the area of two given unequal Triangles, B C F 
and J), 

Refer to the last Figure. 

Proceed, as in the last figure, to convert triangle D 
into an equal triangle, having its altitude equal to that 
of triangle B C F. 

From F set off, within the triangle, the base of the 
obtained triangle, as at A. 

Triangle A B C is equal to the difference in the 
areas of triangles B C F and D. 

Note. — Fig. 130 is the addition of the base of the 
obtained triangle to that of the given triangle. 

Fig. 131 is the subtraction of the base of the 
obtained from that of the given triangle. 



Fig. 131. 

To construct a Triangle, Parallelogram, Circle, or re- 
gular Polygon, equal to two given similar Triangles, 
Parallelograms, Circles, or regular Polygons. 

Let A B and G D represent the bases of two similar 
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triangles, the sides of two squarCB, or the diameter of 
two eircles or regular polyguna. 

"With lines A B and C D construct a right angle, 
as A B &. 

Join BE. 

The line BE will be the base of a triangle, the 
side of a. square, or the diameter of a circle, or regular 
polygon, equal in area to the two triangles, squares, 
circles, or polygons, constructed, or described, upon the 
two lines, A B and C D. 



Fig. 132. 
To construct a Triangle, Parallelogram, Circle, or 

regular Polygon, equal in area to the difference 

between two given similar Triangles, Parallelograms, 

Circles, or regular Polygons, 

Let A B and C D represent the bases of two 

ilar triangles, the aides of two squares, or the 
diameters of two circles or regular polygons. 

At B erect a perpendicular to A B. 

From A, with C D as radius, describe an arc, 
ttting the perpendicular at B in E. 

The line B E will he the base of a similar triangle, 
side of a square, or the diameter of a circle or 
regular polygon, equal in area to the difference be- 
tween the areas of the triangles, squares, circles, or 
polygons conatructed, or described upon the two lines 
A fi and C ». 
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FlQ. 133. 

To change any Rectilineal Figure, regular or irregular , 
into another equal Figure, having one side more. 

To commence with the triangle ABC, 

Assume a pointy as D, for one of the angles of the 
figure (four-sided) to be obtained. 

Draw B D. 

Draw a line from B parallel to, and lying in the 
same direction as, D C. 

Draw a line from C parallel to line B D, and 
cutting line B in E. 

Join D E. 

Figure ABED will be equal to figure ABC. 

Assume a point F for one of the angles of the figure 
(five-sided) to be obtained. 

Draw B F. 

Draw a line from A parallel to B F. 

Draw E F. 

From B, draw a line parallel to line E F, cutting 
the line from A in G. 

Join G F. 

Figure G B E D F will be equal to figure ABED. 

Assume a point H for one of the angles of the 
figure (six-sided) to be obtained. 

Draw E H. 

Draw a line from D parallel to line E H. 

Draw B H. 
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Draw a line from E parallel to line B H, cuttinj 
the line from D in I. 

Join I H. 

Figure G B E I H F, is equal to all the figures 
five, four, and three-sided. 

Note. — The new angular point has in this 
the figure always to be assumed. 



of 






EiQ. 134. 
; equal in ar 



To construct a Figure equal in area to the sum of the 
areas of any two dissimilar Figures. 

This result may be obtained by Fig. 119, by re- 
ducing each figure into an equal triangle, and then by 
constructing, by Fig. 130, a triangle equal to the two 
obtained triangles. 

Or, by an application of Fig. 119, 

Let A B C D E, and 1, 2, 3, be two irregular 
figures, to be converted into one equal figure. 

Join A 2. 

Draw from 1 a line parallel to A 2, to cut line 



Join 2, 4. 

Join 2 E. 

Draw from 3 a line parallel to line 2 E, to cut line 
fi D in 5. 

Join 5, 2. 

B C D, 5, 2, 4, will be one figure, equal in area to 
the two given figures. 
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Draw a line from C parallel to D B, cutting lioe 



Join D 6, and the two irregular 6gures hare been 

I changed into a pentagon; by a repetition of the process 

r change this into a four-sided figure, and that into a 

triangle. 

The triangle may be converted into an equal 
parallelogram, and that into an equal square. 

Thua any number of irregular rectilineal figi 
I may be converted into an equal square. 

By reducing any irregular rectilineal figures 
[ equal triangles, and then constructing, by Fig. 130, 
triangle equal to the difference between the two 
tained triangles, a figure may he obtained equal to 
the difference between any two or more irregular 
figures. 

By h reversal of the process, any rectilineal figt 
regular or irregular, may be converted into an eqi 
L figure, having one side more than the giver 
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Fig. 135. 
I To divide a given Triangle, ABC, into ani 

number of equal or proportional parts, by lim 
drawn from a given point D, in arte of its sides. 
Draw a line from D to the opposite angle C. 
Divide the side of the triangle on which point I) t 
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situate, as line A B, iato the same number of similar 
parts, whether equal or proportional, aa those into 
which the triangle is proposed to he dividedj as 1, 2, 3. 

Draw lines from 1, 2, 3, parallel to line D C, 
catting the aides of the triangle in 4, 5, 6, 

Draw lines from D to points 4, 5, 6. 

Rub out lines 1 4, 2 5, D C, 3 6, and the figure 
will be completed. 

That is, D A 4, D 4 5, D 5 6, D 6 B, will bear 
the same proportion to the given triangle ABC, 
that the parts A 1, 1 2, 2 3, and 3 B, bear to the 
side, A B, of the given triangle. 

If it be required to divide a given triangle into a 
number of parts in similar proportion to a given 
divided line, greater or less than the side of the trianglej 
as line E P; then, by Fig. 15, divide line A B simi- 
larly to line E F, and proceed. 



Fig. 136. 
To divide a given Recliiineal Figure, as ABODE, 

into any given number of equal or proportional parts, 

by lines drawn from a given angle of it, as B. 

Beduce the given figure into an equal triangle, by 
Fig. 119, making the given point, B, its vertex. 

Divide the base of the obtained triangle, A 4, into 
the same number of similar parts, whether equal or 
proportional, as those into which the given figure is 
proposed to be divided, as 1, 2, 3, 4. 
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Draw lines B C and B D. 

Produce side C D. 

Draw lines 2 and 3, parallel to line B C, cutting 
line C D in 5 and 6. 

Draw a line from 6 parallel to line B D^ cutting 
line D E in 7. 

Draw lines B 1^ B 5^ and B 7. 

Bub out lines B C and B D, and the figure will be 
completed. 



Fig. 137. 

To divide a given Rectilineal Figure^ A B C D E F^ into 
any given number of equal or proportional patts, by 
lines drawn from a given pointy G, within it. 

Reduce the given figure into an equal triangle, as in 
the last case, by Fig. 119. 

Reduce the obtained triangle into an equal triangle, 
having its vertex in the given point G, by Fig. 121, as 
triangle o G 5. 

Divide the base of the triangle o 5 into the same 
number of similar parts, whether equal or proportional, 
as those into which the given figure is proposed to be 
divided, as 1, 2, 3, 4, 5, as in the last figure. 

Produce F C. 

Draw line G F. 

Draw lines from 4 and 5 parallel to line G F, and 
cutting the produced line F C in 6 and 7 

Draw line G C. 



BEOiarmiCAL, rsscmma^ iff 

Draw alme firom 7 paiaPd to fine G C^ anl crtting 
line B C in 13. 

Produce line E D. 

Draw line 6 E. 
^ Draw lines 'firom 1 and 2 parallel to fine 6 Z^ 
catting the produced line E D in 8 and 9* 

Produce line D A. 
"^ Draw line G D. 

Draw lines firom 8 and 9 parallel to line G J^^ asui 
cutting line D A in 10 and 11. 

Draw line 6 A. 

Draw a line firom 11 parallel to line & A^ md 
* cutting A B in 12. 

^ Draw lines 6 3, G &, Q \9^ G M, tcA iiV^ isoA 
^ those lines will divide die ^me tm nepmxL 
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A.Dg1e, to bisect a given .. .. .. ,. .. .. 41 

, to draw a line from a pinnt, mskmg an ingle equal to ■ 

g!.cnangle K 

— — , lying without the line, making 

BJi angle eqnal, &c . . ..13 

Area, to constmct a Fignre eqnal in, to two disEimilar ngiires 93 

, to change any Rectilineal Figure, regular or irregular, into 

a Figure having one aide more but of equal . . . . 92 

, to construct a Triangle, ParallelogiBui, &c., having any 

given proportion in, greater or leas than a given Tri- 
angle, Parallelogram, 8lc .. .. .. .. 8G 

, a Triangle equal in, to two or more ^similar 

Triangles 89 

1 a Triangle, Parallelogram, &c., equal in, to 

two mmilar Triangle*, Farallelogrsms, Eic. .. ..90 

, , to 

the diffeieDce between two similar Triangles, &c ..SI 

Areoa of Circles and Parailelograma . . . . . . . . 68 

of Circles, Trianglea, aod Squares .. .. .. 69 

of Foralldograma .. .. .. .. .. ..65 

and Triangles . . . ■ . . . . 66 

ofTrianglea 67 

, to convert on Isoslieles or Scalene into an Equilateral Tri- 
angle of equal .. .. .. .. ■• .. Bl 

, a Parallelogram into another ParaUelogram of 

dlSerent baae or altitude, but of equal ., .. 82 

, ■ Parallelogram into a square of equal , , 84 

— -, aregular Polygon into a Triangle of equal .. 79 

, any Rectilineiii Figure into another having one 

aide less bnt oF eqnal ,. ..78 

, a Square into an Ohlong of eqnal .. .. 95 

, a Tr^peiium uito a Triangle of equal .. .. 77 

, a Triangle into another Triangle of different baw 

or aUJtude, but of eqnal .. .. .. ..BO 

, ■ — — — a Triangle into a Parallelogram of oqual peri- 

meter and eqnij .. .. .. .. .. 8A 



' loo 

To Biant a Straigl 



BgiteaAngle tt 62 



Centre, to bid tlie, of an; Circia 
, , of any Ellipse 

To Cbuige an; giren Rectilineal Figure in 






7S 119 



Fjgnre, bnt lisTing one ^de mora . . . . . , 92 133 

Cirde, to find the centre of an J .. ., ..42 GS 

, to describe a,, passing dirough three given points . . 43 6T 

^ draw a Tangent to a, at a giTeD point of contact ..43 68 

, from a given point without . . 44 69 

' B the centre i ' ' - - 



inscribe a, withia anj Triangli 

describe a, abont an; Triangle .. .. ..41 

iiiHcnbe or describe a, witbin or about a given Square 5 
inscribe a, in anj Equilateral four-sided Figure . . " 

an; Trapezium having adjacent aides 



49 77 



53 B7 



or describe an Equilateral Triangle withiu or 

about a given . . . . . . . . . . . . 54 89 

any Triangle in a, snob Triangle to have angles 

eqnal to tbage of a given Triangle 54 90 

to describe any Triangle about a, locb Triangle bUTing- 

angles equal to those of a given Triangle .. ..55 91 

to inscribe or describe a Square in or about a .. ..55 S2 

to eonstmct a, having an; given proportion in another 86 129 
to describe a, touching two given Circles and one of them 

in B given point 56 93 

to divide a, int« an; number of propordonat parts ..56 94 
, parts eqoal to each other 

in area and perimeter .. .. .. .. ..57 95 

to constmct a, equal to two Cirdes .. .. ..90 131 

, equal to the difference between two given 

Circles 91 132 

, to inscribe three equal, in ao Equilateral Triangle, each 

Circle toacbing two of its sides . . . . . . 59 96 



Circle touching one of its «dea 58 S7 

, four equal, in a Square, each Circle toucMng 

two of its sides .. .. .. .. .. .. S9 OB 

, , , each Circle touching 

one of its sides 60 100 

, three eqnal, in a Circle 59 99 

, four , 60 100 

, five , 60 101 

, to describe about a, six other Circles .. .. .. fil 102 

, to inscribe within a given, three equal Semicircles .. 62 IQi 




Circles, tlie orea of, eqiml lo Parallcloi 

, TriarelcB and Squares hove ar 

To Constroct an Equilateral Trinngle c 



. 69 111 



ts base and the anglas 
ta three sides being give 



- tflving a given diflgODal . 



a Rbombog, having a base aad ^gle equal to a given 

base and angle . . 

— , having a given diagonal and a given side 

a Rhomboid, having adjacent eidea equal to two given 
angle 



:a and an angle equal to a given angle 






,.jii» 



!s and its disgoDol 



an; regnlai Polf gon, the circnoiacribiDg drcle baing 



regular Pentagon, the drcnmscritiing circle being 



scribing circle being given 



- an Undecagon 

- a Triangle having a Perimeter equal to 
nd angles equal to those of a given Trinnj 

- a Triangle equal to a given Tiapeiinm 



-Heptagon 29 4S 

an Octagon 30 49 

a Nonagon 30 60 

— Decagon 



102 INDEX. 

To Constract a Triangle equal Co a giren r^olu Polygon . . 79 121 

on B givcQ buse, &c. a Triangle equal in area to s 

given Triangle BO III 

an Equilateral Trianglo equal to a gnen Triangle 

not Equilateral 81 121 

on a given line a Parallelogram equal to a given 

FarsUelogram 82 123 

83 124 

proportional to a 

giren Parallelogram 83 Iffl 

a Square equal in area to a given Parallelogram .. 8i 126 

a Parallelograux on a given lino equal in area to a 

Square B5 127 

a Triangle, ParaUelogram, Circle, or regular Poly- 
gon, hating an; given proportion to a given Triangle, 

&o. &c 8G 129 

BTriangleequalto twoormorediaaimilarTriangles 89 130 

a Trisngle, Paralielograni. Circle, or regnlar Poly- 

gon, equal to two given eimilar Triangles, &c. &c 90 131 

to the difference between two given «milaT Triangles, 

ic 91 isa 

a Figure equal to two diaainiilar FigureH . . , ■ 93 134 

Decagon, to construct au; regular, the drcumacribiDg circle 

being given 27 44 

, upon a given line ..31 61 

To Deacnbe any regular Polygon about a eimilar Polygon .,25 38 

a Circle pasaing through three given pointB .. 43 67 

a similar Triangle about a given Triangle . . , , 46 7* 

an Equilateral Triangle about a Square . . , , 50 81 

a Square about a given Square 61 81 

a Circle about a given Square 51 83 

an Equilateral Triangle about a Circle ,. ..54 89 

any Triangle about a Circle, having anglea eq;aal to 

those of a given Triangle 55 91 

a Square about a Circle 55 92 

a Circle touching two given Cirolea .. ..56 93 

about a Circle six other Circle! Gl 102 

ToDividea Line into any number of equal parts .. ..13 13 

14 14 

proportionally to a given divided Line . . 14 11 

into entreme and mean proportion .. .. 74 lit 

iutoiwj.itsl, H.&e 74 117 

a Circle into any given number of proportional parts 56 94 

number ol parts equal to each other 95 67 

a given Triangle into anv given number of equal oc 

proportional uarts, bv lines drawn from a point in one 

ofitaiidea 91 IM 



To Divide a giien RectUineul Figure into an; nniaber of equal or 
propartionnl partB, by liaea drawn from an angle of it 

proportjomd parts, b; lino drawn &om a given point 
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aw a Liue perpendicular tt 


a given 


line from a point ia the 
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j> the curve of an Ellipse from a 
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irom a point, making ai 


aiiSlB equal to n given 
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Pige Fig. 

95 136 

96 137 



a Circle at a given point of contact . . 4 
to any point of contact when the 



a Right Line eijual to the 



Egg-shaped figure, to deicribe an, its traDsverse and conjugate 

diameters being given 3: 

, , by arcs of drclea . . . . 3' 

Ellipse, Co deserilie an, its axes being given . . . . . . 3 



B of an, the circumference 



a line perpemlicnlar to the i 



- Foul-sided Figure, to inacribe a Square in an; 



EqailBleral Four-Bided Fignre, to inBcribe & Circle in Bny . . S3 

Trisngle, to tnecribe or descrit>e an, nitliiu or about 

a given Circle .- .. -• ■■ .. ..64 

-, to inacribe three equal Circles in, &c. . . 58 

, 68 

. , Semipirelea in, &c. 62 

, to conatmct an, equal to a THsngle not Bi 

Heptagon, to congtrnctB regular, the circumscribiug cirdB being 

giieu . . ■ • . . . . . - - - .,26 

, , upon a given lino .. ,, 29 

Heiagon, ,the drcumscribiug drcle being 

given 26 

, , upon a given line .. ..29 

To Inscribe any regular Polygon witbin a similar Polygon . . 25 
auj similar Triangle vritbin a given Triangle .. 4G 

a Square witbin any Triangle 47 

an Oblqng in any Triangle 48 

a Circle 49 

an Equilateral Triangle in a Square .. .. .- 49 

an Isoikelca Triangle in a Square 50 

a Scinore witbin a given Square .. .. .. 51 

a Circle within » given Square .. .. .. 61 

a Square in any Equilateral four-Bided Fignre .. 52 

a BhombuB in any Parallelogram .. .. ..53 

a Square in any Trapezium, Sic. .. .. ..63 

1 Cirde in any Equilateral four-rided Figure . . 63 

TrepBilnm, &c 53 

an Equilateral Triangle witbin a given Circle . . 54 

any Triangle in a Circle, having angles equal to a 

giyentrianglfl 64 

a Square in a Circle 65 

tbccB equal Circlea in on Equilateral Triangle, &c. . . 58 

58 

four equal Circlea in a Square, 4c. .. .. ..69 

60 

three equal Circles in a Circle .. .. ..69 

four 60 

five 60 

within an Equilateral Triangle three equal Semi- 
circles, &e, 62 

within n Circle three eqnal Semicirelcs, &c. . . 62 

a Square four , &c. ,. 63 

laOBkeles Triangle, to construct an, on a given base, with aglven 

vertical angle .. .. .. .. .. ..16 

, to describe an, in a Square . . . . . . 50 

Utae, to bisect a, either straight or curred 9 

■, to Anw B, perpendicular to a given line at a point in the line S 
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, proportionflUj to nnolher divided line 

, perpcndiculnr to (be carve of an Ellipse from ■ 

giiea point 
:a draw a, eqnsl to bolf tbe circumference of a dicle 
:o divide a, into extreme and mean propartion .. 
;, Right, tRO being given to liad a mean propordonal 
third proportionaJ 






regiUar, tbe drcumacribing circle being 

2 

, opoD a given lino , . . . 3 

1 

: bide is 



■, npon a give! 
anggivEO 



Parallel, fj draw a Line, t 



Parallelograro, Co inscribe a Rhombus in anf .. .. .. S2 

FarsUelogranis having equal bases, Sec., have equal areaa . . 65 

are equal to Trianglea, &c. ■• .. ..66 

rnrallelogratn, to construct on a given line a, equal to a given BS 



w 



, proportional 1 
< a given . . 
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ranilklognim, to constract a, on a givea line equal to a given 

Square 8 

, , equal to a pyen TrLaagle in area 

ami perimeter .. .. ; .. 8 

— , , having any given proportion to 

nnotbpr B 

. ~~- , equal to two aimilar Parallelo- 

B'mi » 

—.~ — . ., , eqnal fo tliB dlflereaee between 

two given Btmilar Foralletograma 9 

Peatagon, to construct any regular, tlie circumscribing circle 

being given 2 

, a, upon a given line 2 

PeutaJecagon, to construct auy regolor, the circumscribing 

circle being given ., .. .. .. ..2 

Feipendicular, to driiw a line, to a giveii lino at a point in the 

lino 

, , from a point 

above or below the line .. .. .. .. 1' 

! ', 1' 

. 1 

■ — — — , — — 1 

Polygon, to construct any regular, the drcnmscribiDg circle 

being given 2! 

— , 2; 

. , upon ■ giien line .. X 

, -, 2; 

, , 2- 

■ —, to describe or inscribe any regular, about or within a 

givcnPolygon 21 

— ' — , vrithin u Circle to find the sids of any, from a five to a 

twenty-aided inclusive . . . , . . . . . . 3! 

— — , to construct a, having any given proportioa to another 8( 

, , equal to two simikr Polygons . . 91 

— ■ — —, , equal to the difference between two given 

similar Polygons 91 

.■ — — — -— Triangle equal to a .. .. ..7! 

i'roportional, two right lines being given to find a mean . . 71 

, third .. 7i 

— ., three fourth . . Ji 

— , lo divide a right Une into extreme and mean . . 7i 

llcctilineal Figure, to convert a, into another of equal area hut 

one side leas .. .. .. .. .. ., li 

, , hot 

one side more 9E 

, to divide a, into any number of equal or 

proportional parti by lines drawn from a given angle 
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Fige Fig. 
ItcctilimuJ Figure, to dicide a, into aaj ntimber of equal or 
proportional parts by Udeb drawn from ■ giien point 

within it 96 137 

Rhombng, to construct a, having a base and angle eqwd to s 

given ba!W and anjie 18 26 

', having a given diagonal and a given 
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any Parallelogram 52 

having adjacent sidea equal to two 
angle equal to a given angle 



Semicircles, to inscribe tlire 



;o describe ar 
-, to iaBcribe or describe a, vithiaorabout a given 

a Circle Tfitliia or about a given . 



at a given pomi 

- from B given p 

— to any point 



I an Ellipse at a given point of contac 

: a, equal to a given Trapezium 

— , irlien the diagonal and the angles 



to inscribe a Square in any, &c. 

Circle in any, JSic 

to construct a Triangle equal to a 




Triangle, Isoikelei, to construct an, o 
given vertical angle 

its base and the angles at it) base 



, its tliree sides bdng giveu . - 1 

lofanr * 

liBving a giiGD perimeter ^i given 



r describe on; Eimilur, altout & given 



:a describe a Circle about any 

XI inscribe an EquilsCenl, witliin a Square . 

Isoslielei, in a Square . . 



any, in a Circle, having angles equal to a 

giren Triangle , . 

"} describe any, about a Circle, da. do. 

} inscribe three equal Circles, &c. !□ an Eqnilaterai 



a given buse or altitude equal to s 
n Equilateral equgl to a given Triangle 



80 121 

81 122 



given similar Triangles 



the difference betveen twc 



-, to divide a, into any nomber of equal or proportianal 
parts by lines drawn from a poidtinane of its sides .. 0- 
WsBCt, to, a right angle .. 4 

I regnlor, tlie drcumscribing circle 

2 

, upon a given Una . . 3 



